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Abstract 
This paper details the work towards an electronic nose system (e-nose) for detecting the quality of agricultural 
products and its application in analysis of different fruit jams. In this study, we focused on optimizing the design of 
gas sensor array and gas channels, as well as power circuit and collection circuit of solid electrolyte sensor; PC 
monitoring program was designed by Delphi. The sensor array composed of twelve sensors with the type of metal 
oxides and solid electrolyte. Principle Component Analysis (PCA) was employed to extracted useful information 
from original electronic signals; then characteristic variables of signals from each sensor were extracted, they were 
maximum, minimum and means values of signal. Diverse PCs were used as input vectors for identification models. 
Linear Discriminant Analysis (LDA) achieved best distinguished results; the testing rate of predication set was 95%. 
This work provided an innovative method for detecting and monitoring the quality of jam. 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of Harbin University 
of Science and Technology. 
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1. Introduction 
In recent years, with the development of sensor technology, using electronic nose system to appraise 
the quality of food is gaining more and more applications [1~3]. B.Tudu and others researched electronic 
nose for quality assessment of black tea [4]. S.Buratt and others predicted sensory description of different 
brand of Italian wine, using method based on electronic nose with spectrophotometer [5]. S.Panigrahi and 
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others analyzed the freshness of beef, using method of conducting polymer based on electronic nose 
system (Cyranose-320) [6]. Zou Xiaobo and others assessed apple quality using electronic nose system 
self-developed [7]. Using electronic nose system, Wang Jun and others achieved good results on quality 
detection of agricultural products such as Longjing tea, citrus, peaches and tomatoes [8]. However, it has 
not been reported that researches about use of electronic nose technology to jam quality detection. 
Conventional methods such as gas chromatography, mass spectrometry and liquid chromatography-mass 
spectrometry are used for jam quality detection [9,10]. Because the above instrumental analysis methods 
require the use of chemical reagents on the sample pretreatment operation, time consuming and 
complicated operation, which are not conducive to the rapid identification and detection of jam [11].   
In this paper, we report on electronic nose system for detecting the flavor of agricultural products. The 
electronic nose system included: gas gathering and response, signal acquisition and control, signal display 
and storage three sections. The E-Nose system has successfully detected and classified the odor of three 
fruits jam, namely, blackberry, strawberry, and orange. It can be used to detect the flavor characteristics of 
agricultural products and provide new ideas in the field of agricultural product quality inspection. 
2.  The proposed e-nose system 
In the system, hardware device includes signal acquisition, conditioning circuit board, realizing the 
collection for the gas of PLC electrical devices; software includes configurable software design human 
machine interface program and Delphi design PC monitoring control procedures. Hardware module of 
electronic nose system consists of EH-2 series PLC controller, data acquisition card (DVP04A/D) and 
DOP08 Touch screen; Gas Collection unit contains electromagnetic valve and pumps. The Electrical nose 
system software includes PLC configuration software and remote monitoring Programming using Delphi7. 
The sensor array responded to gas, initial voltage signal needed to be filtered and amplified, and converted 
through A/D converter; then pattern recognition was done after the signal was sent to host computer, and 
real-time displayed on PLC touch screen. The vacuum pump was installed to stabilize gas concentrations 
and shorten the sensor response time. Fig.1 shows the schematic diagram of electronic nose system. 
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Fig.1 Schematic diagram of electronic nose system 
Due to diversification of agricultural goods flavor and usually a sensor only detect one specific gas or 
several similar gases. Sensor array was used to collect gas. Based on the analysis of composition of jam’s 
volatile gas, it contains various gas compositions such as Lipid, Organic Acid and Fatty acid. Therefore, 
twelve sensors were selected to constitute a sensor array and placed in the reaction chamber; the sensors 
were: universal sensors of TGS8 series and 26series, special purpose sensors of TGS822TF, 825, 826, 
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4610 and 5042. The gas collection channel was composed of collection chamber, reaction chamber, 
vacuum pump and solenoid valve. Three electromagnetic valves were placed in different positions of the 
loop to ensure Gas collection channel under different test conditions.  
3.  Results and discussion 
The kinds of jam studied were strawberry, blackberry and orange (McCormick Company, Shanghai), 
every kind was 380g. For each kind, eighteen small samples were taken in electronic nose experiment, 
each sample 10g. In order to achieve good test results, each sample was put into 100ml volumetric flask to 
gather gas for two hours, sealed and placed in environment with 20℃ and 65% humidity. Sensors should 
be heated in the beginning to reach the best performance. The first heating time is 48 hours and then only 
2 hours. Static Headspace Analysis method was used for samples processing, in each vial only one sample 
in the process of quantitative analysis for small error. Before test began, the sample bottles were put in gas 
collection chamber and sealed, the vacuum pump and solenoid values were opened. In this study, the 
sampling time was 180s and sampling frequency was 10Hz.  
3.1. PCA Feature Extraction 
In the experiments, 1800 data were acquired by each sensor; there were 21600 data for twelve sensors. 
As a result, feature extraction must be done. From preliminary tests and relevant literature, maximum, 
minimum and average valve of sensor response were extracted as feature variables; there were 36 feature 
values for 12 sensors. The sensor array responses had intersection for the same gas, so some of the 
information reflected by 36 feature values may overlap each other’s, there existed a certain redundancy, 
which would increase the difficulty and complexity of computation in the process of pattern recognition. 
Therefore, PCA method was used to remove correlation between signal components. Figure 2 was three-
Dimension principal component analysis score plot of jam samples; maximum, minimum and mean three 
kinds of features were extracted, from strawberry, blackberry, and orange jam. The figure indicated 
that the sample points in three-dimensional projection plane. The contribution of the above three kinds of 
features were 89.71%, 7.80% and 1.09% respectively, the cumulative contribution rate was 98.60%. 
Fig.2 Dimension principal component analysis score plot 
It can be seen from Fig.2 the distances among distribution area of the three jam were large, which 
means that the difference of sensor array response to different kinds of jam was evident. Most samples can 
be distinguished directly by PCA method; but some projection points of a few samples had intersection, or 
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near to others, it was difficult to distinguish them by PCA. For these points, it was necessary to use 
pattern recognition to analyze further for the results of PCA. 
3.2 LDA analysis based on the PCA 
After the initial data were compressed by PCA, the principal components were selected as input 
vectors for linear identification; three types of jam can be distinguished well, by appropriate linear 
discriminant function. The results of linear discriminant analysis (LDA) were shown in Figure 3. When 
inputs were 2-4 principal components, the discriminant rate of training set was 100%, the prediction set 
was 97.5%. Therefore, strawberry, blackberry and orange three different flavor jam can be separated by 
electronic nose system with linear discriminant analysis method. 
3.3. BP neural network analysis based on the PCA 
Similarly, BP neural network was used to classify the three jam, 53 samples were divided into two 
parts, of which 36 as training set and 17 as testing set. Principal components with different numbers were 
as input vectors of input layer, output layer number was three, which was equal to the number of jam 
kinds. The error objective parameter was 0.0002; the number of hidden layer was selected as 5 
considering the training time and accuracy. The recognition results of BP neural network with different 
input layers were shown in Figure 4. 
Fig.3 Discriminating results of LDA model                                                      Fig.4 Discriminating results of BP model 
Principal components with the same number were selected as input feature vectors for LDA and BP 
neural network, the recognition results were shown in Table 1. When only one principal component was 
used, the training set recognition rate of LDA was 86.6%, which was lower than that of BP neural 
network 88.89%; but the prediction set recognition rate of LDA was 85%, higher than that of BP neural 
network 76.47%. Overall, the prediction recognition rate of LDA reached to 95%, higher than 94.12% of 
BP neural network. 
It can be seen from Table 1 that there is no obvious difference between the classification result by 
using the linear and nonlinear LDA and BP neural network pattern recognition method. Using different 
main ingredient numbers as input vector, the training set classification rate can reach 100% and prediction 
set also get up to more than 94%.Both of two methods can be very well used to identify different jam 
samples. However, using error back propagation algorithm whose learning algorithm is very slow, BP 
network need the training process leading to takes much time than the training time required by operation. 
However, the LDA method does not require training and the model is simple, relatively easy to implement. 
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The downside is lack of training so that poor anti-interference ability, which means that the algorithms 
only use for changes less interference occasions such as in the environment.  
Research for identification of such problems in the jam flavor in laboratory environment, the 
theory based on statistical pattern recognition algorithms (e.g. LDA) is suitable. On the one hand, it can 
ensure recognition accuracy, but also in processing speed, train speed and memory capacity to maintain 
the most good. 
Table 1 Discriminating results comparison between LDA and BP algorithm 
LDA BP 
PCs
Training set (%) forecast set (%) Training set (%) forecast set(%) 
1 86.67 85 88.89 76.47 
2 100 95 100 94.12 
3 100 95 100 94.12 
4 100 95 100 94.12 
5 100 90 100 94.12 
4. Conclusions 
We have developed an e-nose system and focused on optimizing the design of gas sensor array and 
gas channels, designing power circuit and collection circuit of solid electrolyte sensor, designing PC 
monitoring program by Delphi. Each module’s function of e-nose system is verified properly to meet the 
detection performance. We also developed and tested with BP Neural network and LDA classification 
algorithms in three different samples jam and obtain good recognition results. The result shows that LDA 
algorithms can get calculation speed and high accuracy of recognition than BP. 
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